There is a growing consensus that our students need to build a different set of skills during their college experience than was necessary in decades past. In addition to technical knowledge, graduates of engineering programs must enter the workforce inspired and able to engage in design activities, creatively solving problems, learning on their own, and comfortably navigating the information-rich environment we live and work in. There is also a growing body of knowledge concerning how to most effectively teach modern students -highlighting the value of student-centered learning, active learning experiences, and effective integration of technology.
INTRODUCTION
There is a growing consensus that engineering students need to build a different set of skills during their college experience than was necessary in decades past. In addition to technical knowledge, graduates of engineering programs must enter the workforce inspired and able to engage in design activities, creatively solving problems, learning on their own, and comfortably navigating the information-rich environment we live and work in. There is also a growing body of knowledge concerning how to most effectively teach modern students -highlighting the value of student-centered learning, active learning experiences, and effective integration of technology. As the department mission statement was updated to place increased emphasis on design and innovation, the faculty in the Department of Civil and Mechanical Engineering at the US Military Academy agreed that the way mechanics was taught to our students needed to be assessed and likely adapted to more deliberately begin the process of equipping our students with these additional skills. This paper describes the history of these two courses and the assessment that informed necessary changes. The paper then presents details of the revised courses and assessment results from the first offering of one of the courses.
BACKGROUND
The mission of the US Military Academy at West Point, New York, (USMA) has evolved since the institution's inception in 1802 1 :
To educate, train, and inspire the Corps of Cadets so that each graduate is a commissioned leader of character committed to the values of Duty, Honor, Country and prepared for a career of professional excellence and service to the Nation as an officer in the United States
Army.
The Department of Civil and Mechanical Engineering is one of 11 departments at USMA, and both the civil and mechanical engineering programs are ABET accredited. The mission of the department parallels that of the Academy, and focuses on educating and inspiring engineering students 2 :
To educate, develop, and inspire agile and adaptive leaders of character who design and implement innovative solutions and win in complex environments as trusted Army professionals.
The civil engineering program established 16 student outcomes to achieve the mission and meet the ABET accreditation requirements. Among these are two which have historically been principally addressed later in our curriculum:
2. Demonstrate creativity, in the context of engineering problem-solving. 8. Use modern engineering tools to solve problems.
Recognizing that the institutional and department mission statements expect both education and inspiration in their program, the faculty have developed the curriculum along a set of commonly accepted educational taxonomies. These taxonomies are based on the seminal work of a 1950's educational committee chaired by Benjamin Bloom which established taxonomies in three domains of learning: cognitive, affective and psychomotor. Each provides a language to describe progressive development of an individual in each domain and are defined as follows 3 :
• Cognitive: of, relating to, being, or involving conscious intellectual activity (as thinking, reasoning, or remembering) • Affective: relating to, arising from, or influencing feelings or emotions.
• Psychomotor: of or relating to motor action directly proceeding from mental activity A set of development levels for each domain are available in the literature 4, 5, 6 . Each domain has multiple levels defined in increasing complexity which guide educators to develop a variety of educational experiences with course, lesson, and project objectives targeted at specific levels within the domains.
In addition to expectations of institutional and department mission statements, the authors believe that the engineering education profession is setting an expectation for student development in both the cognitive and affective domains as evidenced in the American Society of Civil Engineers (ASCE) Body of Knowledge 2 (BOK2) 7 . Additionally, the department mission statement emphasizes design and innovation and the authors agreed that the development of the requisite skills must begin at the beginning of the curriculum and be taught in conjunction with technical content. This paper focuses on recent innovations primarily intended to more effectively address program outcomes #2 and #8 early in our curriculum to better prepare creative problem solvers who effectively use modern engineering tools.
Creativity has historically been developed in our program principally through engineering design problems (EDP). Our curriculum included EDPs in three required courses: MC311 (Thermodynamics and Fluid Mechanics), CE390 (Site Civil Design), and CE450 (Construction Management). Additionally, in their final semester before graduation, all students completed a semester long capstone design course (CE492) in which creative solutions were encouraged.
Modern engineering tools were introduced and used in five required courses: CE390, CE380 (Hydraulics and Hydrology), CE450, CE403 (Structural Analysis) and CE404 (Steel Design). These courses are junior and senior level courses. The authors believed that introducing opportunities to practice creative, open-ended, problem solving using modern tools was important to include in the first courses students take.
The first two engineering courses our students take are MC300 (Fundamentals of Engineering Mechanics and Design, which combines statics and some mechanics topics) and MC364 (Mechanics of Materials, which provides depth for important mechanics concepts). These popular and well-developed courses had been taught in their current form since 2004 when our programs completed a major overhaul of each. Prior to 2004, the first course students took combined statics and dynamics followed by the second course focused exclusively on mechanics of materials. Noting the educational value and student excitement that could be generated by combining statics and mechanics of materials into a single course, the faculty created CE300 (now numbered MC300) which did exactly that. In this course students have the knowledge to optimize the dimensions of axial members of trusses after the first 13 or 14 lessons 8 -an exciting assignment for budding engineers. In addition to teaching CE300 to engineering majors, the course was, and continues to be, taught to non-engineering majors as part of a three course engineering sequence required of all graduates of our institution. The mechanics of materials course (CE364, now numbered MC364), having had some of its original content moved into CE300 and taught only to engineering majors, provided greater depth for important mechanics topics and included instruction on material science, principally focused on ferrous metals. The assessment, motivation, implementation, and synchronization of this two course mechanics sequence were described by Klosky et al. (2007) 9 .
After an assessment in 2015, several of the department's faculty suggested that these courses still provided most of the technical content our students needed but required important updates. First, mechanics was being taught isolated from the broader design process. Secondly, there was no integration of computer programs to begin the education of our students on their effective use (and understanding their limitations). Finally, students were largely asked to demonstrate that they could repeat a calculation they had seen worked in class rather than creating or discovering their own solutions. The courses failed to provide the time, space and inspirational structure necessary for students to apply their knowledge in a way that demonstrated a broader understanding. To investigate these concerns, a team of civil and mechanical engineering faculty was formed to conduct a more thorough assessment of both courses, review existing engineering education literature, and update the courses to better serve the students in our program. This team was charged with answering two questions: 1) were we teaching the right material for our program and 2) were we beginning the development of the right skills for our students? Based on the answers to these questions, the team would develop improved courses.
INTERNAL ASSESSMENT AND PROBLEM DEFINITION
To address the first question (were we teaching the right technical content for our programs?) the group of faculty conducted a thorough assessment of the current two course sequence. This assessment included review of formal course assessments for both courses from the past several years, discussions with many faculty members, and surveys of current senior students.
Information gleaned from formal course assessments indicated that the objectives for both courses were being met by 75-90% of the students demonstrating that the courses, as originally structured, were effective at meeting their stated objectives. This prompted the assessment to focus on course descriptions and objectives to ensure they appropriately captured what the civil and mechanical engineering programs truly needed. To help answer this question, interviews with faculty from across the department were conducted.
Course and program directors provided information about what content was essential to be covered in the MC300 / MC364 sequence to enable student success in follow-on courses. This list is summarized in Table 1 and includes topics that were required to be included and those that would be helpful, but not essential. As the team developed possible solutions for improving the courses, the content listed in Table 1 was of primary importance.
In addition to identifying technical content that must remain in the courses, the fruitful discussions with civil and mechanical engineering faculty of all academic ranks led to five important conclusions: 1. MC300 did not deliver the design process knowledge as promised in the course description. 2. The content in MC300 was not as rigorous as it could be and there was judged to be excessive redundancy between the two courses. This redundancy resulted in missed opportunities to introduce concepts and increase excitement early in the students' engineering education. 3. There was inadequate coverage of instrumentation and measurements throughout both courses to improve physical understanding of the concepts discussed and provide immediate connection of the material to real-world applications. 4. The organization of both courses emphasized blocks of content and did not clearly demonstrate how concepts were woven throughout the courses. 5. It was uncertain that the courses inspired and excited cadets about engineering or established engineering judgment as effectively as possible. To supplement the review of course assessments and faculty discussions, the senior students in the civil and mechanical engineering programs were surveyed. The questions on this survey focused on two principal questions: 1) did follow-on courses in both programs rely on content learned in MC300 and MC364 and 2) how well were the students able to recall that content. Results from this survey confirmed that students viewed success in follow-on courses as dependent on content from MC300 and MC364 and they agreed that they were well prepared to recall content from these courses (see Table 2 ). This survey also asked for student recommendations about what to change and keep the same for both courses. Most students stated that the courses should continue to use example problems and exciting demonstrations in class.
The recommendations for what should change varied but there was a consensus that more time spent solving problems in class would be valuable and earlier introduction to software would be appreciated by some students. 
LITERATURE REVIEW
To develop an answer to the second question (were we developing the right skills for our students) the team turned to the literature to identify what skills were generally agreed to be crucial for college graduates to succeed in the modern economy. In the book The Global Achievement Gap, Tony Wagner describes "survival skills" that students need and describes the role that colleges play in developing these important skills. He lists core competencies that all colleges should teach and justifies why they are vital: critical thinking, analytic reasoning, written communication, and problem solving 10 . He also describes the value that discovery and creativity play in generating effective learning experiences.
Discovery learning is one method in the broad category of active learning, a topic of growing interest over the past decade and one which has been shown to improve student learning 11 . A recent metastudy using data from over 200 studies of active learning and lecturing demonstrated that exam scores improved by 6% when active learning was used rather than only lecture 12 . This metastudy also concluded that students in classes using only lecture were 1.5 times more likely to fail than if they were taught using active learning techniques.
Active learning has been shown to do more than boost student performance in class: metacognitive skills are developed through active learning 13 . Metacognitive skills, or knowing about what you know, augment cognitive skills (knowing something) and are necessary for graduates, particularly as colleges seek to develop self-regulated learners ready for lifelong learning outside of a formal, structured educational environment. Metacognitive skills are important for future success of our graduates, so much so that demonstrating the willingness and abilities to engage in lifelong learning is one of seven academic program goals of our institution 14 .
Providing opportunities for students to develop lifelong learning skills throughout the curriculum is critical. The literature is conclusive on this: the skills must be taught. As Woods et al (2000) authors included a broad review of fundamental research that provides a foundation for development of process skills, including lifelong learning along with communication, teamwork, self-assessment, and change management. They also included a variety of methods that have been proven effective for teaching these skills along with tools for faculty to assess how well they are doing so in their courses.
Development of metacognitive and critical process skills, in addition to mastering technical content, can better equip engineers to be capable of creative application of their knowledge.
Creativity is a foundational requirement for innovation and another of our Academy's seven academic program goals. One important aspect of creativity is the ability to develop multiple possible solutions for a given problem (referred to as divergent production). Engineering courses, particularly introductory ones, often emphasize finding a single correct answer to each problem (convergent production). Felder (1988) 16 argued that engineering education was "failing abysmally" in teaching divergent production, suggesting that graduates would not be well equipped to creatively solve problems. More recent literature suggests that while engineering programs may be improving in developing creativity in engineering curricula, additional focus is needed to ensure graduates are properly equipped for their careers. Daly et al. (2014) 17 provide evidence justifying the need for developing creativity in engineering curricula and offer a variety of proven methods to do so in courses. Cropley (2015) 18 draws from accreditation and employer expectations to make a strong case that opportunities to develop creativity must be included in engineering curricula and the author provides principles and strategies to do so.
COURSE REDESIGN
Considering the recent literature indicating the distinct value of active learning, the importance of developing metacognition skills and creativity, along with the information gathered from the internal assessment, the faculty team developed four options to redesign the courses:
1. Ramp Up Design. In this option, a formal design process would be taught at the start of MC300 and used for small design projects throughout MC300 and MC364. This would require removing some concepts from MC300, or covering them in less depth, to accommodate the addition of deliberate instruction about the design process. Some of these concepts would be moved to MC364, which would assign students design projects requiring greater depth of understanding. 2. Max Hands-on in MC300. By including a hands-on exercise (not just an instructor-led demonstration) for each primary topic, students would be able to better visualize the mechanics concepts and the student's engagement in the activities would contribute to better understanding of the material. The time required for these activities would result in less time to cover details of calculation methods and inherent assumptions in MC300: these would be included in MC364. 3. Old School. This option proposed a return to the two-course sequence taught before 2004 (statics and dynamics in the first course; mechanics of materials in the second) updated to incorporate active learning methods. 4. Sequential. For this option, it was suggested that all content required between the two courses simply be taught in a logical sequence. This would eliminate any redundancy between the courses and allow greater depth of some topics in MC300.
Complete syllabi for each of these options were developed with outlines of proposed new content and draft concepts for new learning activities. Using this information, the four options plus a "do nothing" option of keeping the courses as currently taught were compared using the following criteria:
• Screening Criteria a. Inputs. The courses build on physics, chemistry, and mathematics prerequisites. The courses limit repetition between the two courses and from prerequisites. b. Output. The courses meet all ME and CE requirements (the "must haves") and many of the ME and CE program desires (the "nice to haves"). All options met the screening criteria and were objectively compared using a decision matrix. Weight for the evaluation criteria was provided by department leadership. Option 2 (Max Handson in MC300) was rated as the best by a small margin over Option 1 (Ramp-up Design). The team decided that the best solution combined the best aspects of these two options. After gaining approval by department leadership, the team set out to fully develop the courses to implement the updated MC300 in Fall 2016 and MC364 in Spring 2017.
Philpot's Mechanics of Materials 19 textbook was selected for both courses and the team decided to not use a statics textbook: they would generate necessary statics content and include it in a course study guide. This decision was based on several factors: (1) the visual appeal of this textbook's images and emphasis on clear explanation to beginners; (2) the rich online content provided with this text in the form of demonstration videos, problem solving videos, and MecMovies; (3) cost savings by selecting a single textbook which would provide necessary reference for two courses; and (4) a deep library of faculty generated statics content.
SEQUENCE OF COURSES
One important aspect of this course redesign was that MC300 and MC364 be maintained as a sequence of courses and this sequence be as obvious to students as possible. The final syllabi reflected this and desired themes were woven throughout both. As faculty developed the syllabus and discussed learning activities for MC300, a regular question was "how can we build on this in MC364?" One example centers around the use of an engine hoist. Over a series of lessons in MC300, students physically assemble the hoist, use it to understand reaction forces and how they change as loads move on a structure, perform frame analysis to calculate pin reactions and internal forces in axial ("two-force") members, and apply axial mechanics principles to analyze the axial members. At the start of MC364, students return to the analysis of the hoist to discover members subject to a combination of axial and bending stresses. This provides motivation for an investigation of combined loading, eventually leading to stress transformation and a study of failure theories. Other hands-on exercises introduced in MC300 are also explored in greater depth in MC364.
MC300 SPECIFIC CHANGES
Generating excitement in the classroom is a hallmark of the department. Many of the methods to do so include instructor-led demonstrations, often with great drama included 20 . This has been effective for learning and is appreciated by our students. The authors wanted to maintain this tradition but better inspire our students by putting the demonstrations in their hands allowing students to actively discover principles of mechanics rather than simply have those principles described by the instructor. Putting the students as "doers" rather than observers is one of the guiding principles of active learning and making this type of change was central to this course redesign. In fact, the third author directed the faculty to "create a course where our students can break all kinds of stuff. I want them to see beams break and ask why they broke." Thus, creating new hands-on learning activities for students was a central task in redesigning MC300.
The first lesson in the new course begins with a hands-on activity requiring groups of students to design, build, and test bridges using K'Nex parts and string as shown in Figure 1 . This exercise leads to discussion about important aspects of engineering such as working in teams under time constraints and foreshadows technical content in the course such as truss analysis and design and the importance of connections in structural performance. Additionally, the authors wanted students to experience the challenges and excitement that creating a new design brings. In the previous version of MC300, an engineering design process was introduced in the first lesson as part of a course introduction covering many topics. This design process was never discussed again nor applied to any open-ended problems requiring students to analyze customer requirements, generate alternative designs, evaluate the alternatives to select the best option, and then develop a detailed design. In fact, when the term "design" was previously used in MC300, it would have been more accurately replaced with the word "optimize." For example, selecting the lightest weight cross-section for a beam of known length, support conditions, and loads was discussed as a design problem. This changed in the revised version and the rest of the course was structured around making an open-ended EDP at the end of the semester a realistic possibility. To do so, the second lesson of the course was devoted to describing a formal, five-phase, engineering design process depicted in Figure 2 . Using the bridge building exercise from the first lesson as a scenario, students considered how they could apply these five phases to more effectively solve that problem. The intent of introducing the design process early in the course was to provide a framework in which technical mechanics concepts would be used. The next 33 lessons focused on statics and mechanics concepts related to axial members and beams. The final four lessons required the students, in groups, to work through the phases of the design process to solve an open-ended problem.
Figure 2 Five-Phase Engineering Design Process (adapted from Dym & Little 21 )
As mentioned above, an important change involved introducing students to modern engineering tools. After evaluating several options, the computer aided design software SOLIDWORKS 22 was selected. This software was already used in several mechanical engineering courses and included the capability to create models of structures or parts and perform numerical simulations. Not only does this program enable the creative design process, it also provides helpful visualization tools to enhance descriptions of mechanics concepts such as stress and strain. Students were taught SOLIDWORKS through a combination of out-of-class tutorials (homework assignments) and in-class exercises guided by the instructor. Students were required to employ SOLIDWORKS in the development of their solutions for several homework assignments and for the EDP at the end of the course. Integrating new software into courses is not new in our department and the authors relied on previous efforts by other faculty when determining the best techniques to employ in this case 23, 24 .
To better understand how these various components (engineering design process, hands-on learning activities, and integration of SOLIDWORKS) fit together into a seamless course, Table  3 provides the syllabus with additional notes about hands-on learning activities and in-class SOLIDWORKS exercises by lesson. Some of the other lessons included instructor-led demonstrations; only activities performed by students are included in Table 3 . For more information about the development of the hands-on learning activities, see Bruhl et al (2017) 25 which provides details of four activities, a discussion about how they contribute to developing engineering judgment, and initial data assessing the activities effectiveness.
MC364 SPECIFIC CHANGES
MC300 introduced statics topics along with axial and bending mechanics all as tools within the engineering design process. Emphasizing the sequence of courses, MC364 picks up where MC300 left off and combines axial and bending mechanics to develop an understanding of combined loads. In MC300, students conducted uniaxial tension tests to quantify material properties of different metals; MC364 addresses the question of how these material strength properties are developed, particularly for different ferrous metals, through an investigation of material science topics. This understanding of microscopic structure, macroscopic material properties, along with a combined state of stress provides the motivation for a study of stress transformation which concludes with the introduction of elastic failure theories. Continuing the themes from MC300, a variety of hands-on learning activities are included throughout the course and SOLIDWORKS is integrated into classroom lessons and homework assignments. Rather than conduct a large EDP at the end of the semester, smaller open-ended design projects which require application of the engineering design process are included throughout the semester. Table  4 provides the syllabus with additional notes about hands-on learning activities and in-class SOLIDWORKS exercises by lesson. Some of the other lessons included instructor-led demonstrations; only activities performed by students are included in 
INITIAL ASSESSMENT
At the time of this writing, MC300 had been taught in the new form one semester and MC364 was a few weeks into being taught in its new form for the first time. The most valuable feedback will come not after both courses have been taught the first time but after students have moved on to junior and senior level courses. It will be in these experiences that the fruits of the revision of mechanics education are expected to be reaped. However, there is much to be learned from the first iteration of the new MC300. This section addresses student performance in MC300, anonymous course-end student feedback, and anecdotal feedback from instructors.
Student performance in the first offering of the updated MC300 was up slightly from previous semesters as shown in Figure 3 . This figure depicts the average grade point average from the course each semester normalized by the average incoming GPA of enrolled students. This is not intended to prove that the updated version resulted in improved performance. Rather, it is intended to show that making dramatic changes to the way the course was taught did not negatively influence student performance.
Figure 3 MC300 Student Performance Historical Trends
Anecdotal feedback from students and faculty suggested that the hands-on learning activities generated excitement in the classroom. On the course-end feedback anonymous survey, the students agreed that these activities were effective for their learning (4.3 / 5.0, n = 227). As shown in Figure 4 , five students disagreed and two strongly disagreed that the hands-on activities were effective; 99 strongly agreed that they were effective. This is very encouraging that the effort required to create and implement these activities is valued by students. As seen in Figure 5 , students reported the bolt shear learning activity was the most effective -their comments indicated this was because they had to make a prediction before the test and they could very easily see the concept through the exercise. A few representative comments (from the anonymous course-end feedback survey) indicate why the hands-on activities are valued by students:
• The activity took a concept learned in the classroom and allowed students to apply it to a real scenario, thus cementing the concept into reality.
• Visuals are always helpful. Easier to remember than equations.
• It's hard to envision the flow of the forces so to see it on the scales and doing all the calculations then getting matching results from SOLIDWORKS was helpful.
• It showed some reactions that some of us did not expect with regard to the distribution of the load, which encouraged us to think on a deeper level • You could see what shear failure looks like and gain an appreciation for what actually happens when that yield shear stress is met. I especially liked how we went into the lab predicting that the single shear would be more resilient and then coming to learn that it was in fact double shear • We were able to do the hand calculations to predict the reactions, and then see the difference between the prediction and the actual reactions. It showed the importance in accounting for error in engineering; which is what the concept of factors of safety taught us later in the design portions.
The word cloud in Figure 6 was created from open comments from the anonymous course-end feedback survey and indicates that students appreciated being able to see theoretical concepts in action. Students also indicated that they enjoyed being able to do things themselves with their hands. The effect of these hands-on learning activities on student retention and their ability to apply concepts in subsequent courses cannot yet be assessed but will be important to do so.
Figure 6 Word Cloud of MC300 Student Comments About Hands-on Learning Activities
Another important change requiring assessment was the use of SOLIDWORKS. There were significant IT issues getting the software installed on cadet and instructor computers and the learning curve for faculty members using the software for the first time created high frustration at the start of the semester. Coupling lack of experience with the depth and intricacies of SOLIDWORKS led to challenges using the program to solve problems and ultimately distracted students from the principle learning objectives. As the semester progressed, use of SOLIDWORKS shifted away from trying to create complete models and simulations from scratch and instead required students to use existing models to explore concepts. This was more effective and cadets (working in teams) successfully used SOLIDWORKS to inform their designs for the EDP. Students were split on their opinion of SOLIDWORKS being an effective tool to understand course concepts (2.7 / 5.0, n = 267). As depicted in Figure 7 , 101 students disagreed or strongly disagreed that using SOLIDWORKS was beneficial to their learning but 76 agreed or strongly agreed that it was. The authors believe that the negative feedback is strongly colored by the frustrations experienced early in the course. In the course-end feedback, the majority students reported that the most frustrating aspect of SOLIDWORKS was related to creating and running models and software installation, as seen in Figure 8 . Representative student comments about how to use SOLIDWORKS more effectively in the future include:
• Decide on whether the value is pulling numbers off the program or in actually being able to model. Both have value, but to do both effectively while learning the program is a lot to ask all at once • I believe that the use of SOLIDWORKS is important because it shows the uses and importance of technology. However, spending more time at the beginning of the course teaching the ins and outs of the software would be helpful.
If we knew what we were doing we could focus on the problem that we are working on instead of just trying to figure out how to make the software work.
• I think there is just a steep learning curve. What I found to be most helpful, rather than building the models step by step with the instructor in class, was to write down the steps and draw visuals of the buttons to hit at certain steps. This way, at the end of class, rather than having a complete model that I had no idea how to replicate, I had a list of step by step instructions that could get me much further. The video tutorials (especially the one about making the profiles) were extremely helpful. They made me more independent.
• It was helpful to have the base models already premade in SOLIDWORKS because we never really got in depth and had a lot of practice on how to create things in SOLIDWORKS. This eliminated hours of frustration and still allowed us to understand how forces effected a design.
• The use of SOLIDWORKS was very effective in enhancing learning and learning how to model systems on a computer interface; I wouldn't change anything.
The word cloud in Figure 9 was created from open comments from the anonymous course-end feedback survey and indicates that the most frustrating aspect of using SOLIDWORKS was the time required. The software, like most CAD tools, has a steep learning curve particularly for students unfamiliar with technical drawing terminology. Students found the most value when models were pre-built and they were required to change certain parameters such as load locations or dimensions of the structure. Based on this feedback, the implementation of SOLIDWORKS in the Spring 2017 semester was done dramatically different than in the first iteration of the course.
During the Spring 2017 semester, a more gradual introduction to SOLIDWORKS was made using tutorials assigned as part of homework assignments. For initial familiarization, two tutorials available within SOLIDWORKS were assigned. For specific applications of the software, other tutorials were created by instructors and assigned to students. As the semester progressed, the tutorials provided less detail for the initial steps of the tutorial which required students to apply previous knowledge about the software. For in-class exercises, nearly complete models were provided to students to download before class. In class, then, rather than create the models from scratch, time was spent investigating the model, discussing the results, and changing parameters to observe the influence of these parameters on the results. This resulted in much more engaging lessons that were focused on deeper understanding of the mechanics concepts rather than a "how-to" of using SOLIDWORKS. For homework, in addition to occasional tutorials, students were often provided the base model and required to apply loads and interpret output. In a few cases, students were required to create models from scratch. The EDP still required use of SOLIDWORKS and students had to generate their own models for use in the preliminary and detailed design phases. Because the EDP was a group project, the frustration of using SOLIDWORKS was much less than on homework assignments -only one of the four or five group members had to be comfortable with the program. To ensure this, students were surveyed about their confidence with SOLIDWORKS and all mechanics topics from the course and instructors used this self-assessment to form teams which balanced student capabilities.
Figure 9 Word Cloud of MC300 Student Comments Regarding Use of SOLIDWORKS

SUMMARY
The motivation and method to dramatically modify the first two engineering courses were driven by internal assessment and informed by education literature. To begin developing skills beyond technical engineering skills, opportunities for critical thinking and creativity were incorporated into both courses. The process to create these new courses, develop the hands-on learning activities, acquire and test the necessary materials for each, and write new lesson content took about eight months by a team of civil and mechanical engineering faculty. This is an extremely high up-front cost but the authors believe it provides exceptional value to our students.
For others contemplating similar changes, the authors recommend identifying senior faculty members to lead the process and create a team of faculty to develop and implement the changes. Of course, the benefits of hands-on learning activities can be realized without redesigning a series of courses, or even one course. The literature suggests that hands-on, active learning, should be incorporated in engineering education. This can start by creating one new learning activity for a course -a more manageable task considering the myriad of faculty responsibilities.
To create new hands-on learning activities, the authors suggest the following principles: 1. Students discover concepts by doing. This is a fundamental principle of inquiry based learning and requires well organized activities that lead to results that may surprise the students or challenge a misconception. While these activities may appear to be a brandnew discovery by the students, they shouldn't be that way for the instructor. Instructor preparation is particularly important when things like electronic instruments are used. 2. Problems drive the content. Another underlying principle of inquiry based learning lies in the idea that content is provided as needed to solve a problem. Doing so puts the students in the driver's seat and relies on their formulation of questions to determine what specific technical content is illuminated by the instructor. In addition to teaching technical concepts, learning in this manner develops other important skills in students. 3. Use real objects. The activities must be centered on real objects that accurately represent the real world. Move away from theoretical problems with clean solutions and toward real objects (the larger the better!) that are physically present in the classroom. 4. Make measurements. Rather than giving students all the information necessary to solve a problem, require them to discern necessary information and provide them with the tools to measure things. Likewise, create activities that require the measurement of a result to confirm calculations. These seemingly simple tasks tangibly connect the students to the activity and provide valuable experience. 5. Create experience -emphasize judgment. Design activities that require students to predict what will occur. Doing so will do one of two things: (1) the prediction will be wrong and the experience will correct a misconception or (2) the prediction will be correct and the experience will reinforce the student's intuition. Either way, these experiences collectively assist in the development of judgment. 6. Accept prudent risk. Putting the learning experience into the hands of students brings with it the opportunity for students to do something unexpected by the instructor. This uncertainty may be uncomfortable, particularly for a young instructor, and may lead to unanticipated questions by students. Some instructors may see this as a risk to the perception that students have of them. However, the authors believe it provides a fantastic opportunity for the instructor to model lifelong learning skills and demonstrate that instructors do not necessarily know absolutely everything about the subject.
